Feeding millions of poor people depend on wheat for both diet and livelihood, two field experiments were carried out at Abo-Zaher, Sherbin, Dakahlia Governorate, Egypt during the two successive winter seasons of 2013/2014 and 2014/2015 under alluvial soil conditions. Different sources of inorganic nitrogen fertilizers at recommended dose including urea (U), ammonium nitrate (AN), ammonium sulfate (AS) and calcium nitrate (CN) were applied to soil with foliar application of zinc (Zn) and/or boron (B). Several parameters of yield and yield components were recorded including vegetative growth, grain yield, total N, P and K content in grain and straw, total Zn and B content in grain and straw as well as quality parameters in grain and straw of wheat plant. The experiments were conducted in split plot design which consisted of the main plot (inorganic sources of nitrogen including U, AN, AS and CN as well as control) and sub plots (four treatments of micronutrient compounds including control, Zn, B, and Zn + B). The results revealed that Zn and/or B as foliar application of wheat plant under different sources of inorganic nitrogen fertilizers cause highly significant increases in all studied parameters of wheat grain and straw yields. Most of these parameters gave the highest values treated with ammonium sulfate as a soil application followed by urea. Foliar application of Zn or B as an individual effect caused high significantly increases for all studied parameters of wheat grain and straw in compared with the control (untreated). Combine foliar application of zinc + boron gave the highest values of all studied parameters of wheat grain and straw followed by individual Zn foliar application. Foliar application of Zn +B in addition to ammonium sulfate or urea results recorded the uppermost all studied parameters of wheat grain and straw. Therefore, it could be recommended that, under these experimental conditions, foliar application of both Zn and B in addition to ammonium sulfate followed by urea as soil application at recommended dose for wheat recorded the uppermost of vegetative growth (plant height and tillering height), yield components (weight of 100 grain and grain yield), N, P and K content in grain and straw, Zn and B content in grain and straw, chlorophyll a, b, protein content in grain and straw of wheat plant.
INTRODUCTION
Among the staple food crops, wheat is the most important food crop in a number of developing countries with respect to its contribution to the daily calorie intake (Cakmak 2008) . Therefore, increasing its productivity as well as cultivated area is highly recommended. Wheat is very sensitive to insufficient soil nitrogen and very responsive to nitrogen fertilization. The most important role of N in the plant is its presence in the structure of protein. Therefore, the nitrogen supply to the plant influences the amount of protein, protoplasm and chlorophyll formed. In turn, this influences cell size and leaf area, and photosynthetic activity. Therefore, nitrogen (N) fertilizer is important for improving grain yields of cereal crops. However, excessive amounts and inappropriate application methods lead to de-nitrification, and volatilization (Kirda et al. 2001) . It is stated that, all inorganic nitrogen fertilizers (urea, ammonium nitrate, ammonium sulfate… etc.) control the dry weight of wheat at all stages of plant growth (Abdel-Mottalb 2003) . Furthermore, it is found that, N fertilization increases micronutrient accumulation in wheat grain as well as the proper management of N fertilization has the potential to enhance the nutritional of this important food (Shi et al. 2010) .
Use of micronutrient enriched fertilizers result in significant economic benefit to farmers. Several reports indicated that either soil or foliar application of micronutrient have positive correlation with wheat yield (Abbas et al. 2009; Khan et al. 2009; El-Fouly et al. 2011; Ali 2012; Sala 2014, 2015) . It is reported that, foliar application of micronutrients improves the growth parameters, nutrients uptake and yield of wheat (El-Fouly et al. 2011) . Among micronutrients, Zinc and Boron play a key role in pollination and seed set processes resulting in decrease in seed formation and subsequently yield reduction due to their deficiency. It has been clearly proved that Zn is essential in wheat production (Moghadam et al. 2012) . It is reported that, an increase of 31.6% in wheat grain yield over control by the addition of 5 kg Zn ha-1 ). The foliar application of mixture micronutrients (Zn + Fe) gave the highest grain and yield components and of wheat grain (Gomaa et al. 2015) .
Boron is essential in the formation of plant cells, sugar transportation, indole acetic acid (IAA), formation and germination. Therefore, cell wall formation, leaves chlorophyll concentration and IAA increased due to micronutrient foliar application (like Zn, Fe and B), which in turn, leads to an increase in plant height and production (Abbas et al. 2009; Ali 2012; Rawashdeh and Sala 2013a, b; Mekkei and El Haggan 2014) . Seed and grain production are reduced with low boron supply still in the absence of any observable indication of deficiency symptoms and so the requirement of B for reproductive increase appears to be more for reproductive development than for vegetative growth (Pandey and Gupta 2013) . It is reported that, foliar application of B was significant affected on grain yield, number of grains per spike and 1000-grain weight (Raza et al. 2014) . On the other hand, combination of the foliar applications of iron and boron significantly increases some growth characteristics like plant height, number of leaves/plant, and number of tillers and root depth of wheat plant (Rawashdeh and Sala 2013a, b) . Concerning foliar application of B and Zn, it had positive effect on yield and its components of wheat (Ali et al. 2009; Moghadam et al. 2012) .
Therefore, the objectives of this study were to evaluate the inorganic nitrogen sources with foliar application of zinc and boron either individual or in a combination on yield and yield components for wheat cultivated in alluvial soil.
MATERIALS AND METHODS

Experimental design
Two field experiments were carried out at AboZaher, Sherbin, Dakahlia Governorate, Egypt during the two successive winter seasons of 2013/2014 and 2014/2015 under alluvial soil conditions cultivated with wheat plant (Triticum aestivum L., cv. seeds 12). The studied soil has clayey texture, its salinity about 3.86 dS m -1 and soil pH about 7.85 (Table 1) . The experiments were conducted in split plot design including the main plot (inorganic nitrogen sources) and sub plot (the micronutrient treatments of Zn or/and B). Each treatment was replicated 3 times, the total number of studied plots were 60 plots and the area of each plot 12 m 2 . 
Soil and plant sampling:
Soil samples were taken before the cultivation and then dried, grinded and passed through 2 mm sieve and stored in bags for soil chemical analyses. Plant samples were taken at tillering and booting stages from each plot and the vegetative growth parameters were recorded (fresh weight, dry weight, and chlorophyll reading), chemical composition was determined and nutrients-uptake were calculated. At harvest grain and straw samples were separated and weighed and stored for analyses, yield components; grain yield (ardb fed -1 ) and straw yield (ton fed -1 ), nutrients (%) and nutrientsuptake and N-use efficiency were determined. Plant parts were taken, weighed and dried at 60 ºC and the dry weight was recorded and grinded to fine powder and wet digested.
Soil pH value, electrical conductivity (EC), particle size distribution, saturation percentage (%), soluble ions, were determined according to (Jakson 1976) . Available nitrogen was extracted using 1 % (K 2 SO 4 ) and determined by micro-kjeldahl apparatus according to (Hesse 1971) . Available phosphorus was extracted using 0.5 N (NaHCO 3 ) solution (pH 8.5) and determined using spectrophotometer after treating with ammonium molybdate and hydroquinone and sodium sulphite at a wave length of 660 nm (Jakson 1976). Available potassium was extracted using 1.0 N ammonium acetate (pH 7), and determined by flam photometer according to (Hesse, 1971) . Available micronutrients were extracted using DTPA solution according to (Lindsay and Norvall, 1978) and determined using atomic absorption spectrophotometer. Calcium carbonate was determined using Collins calcemeter according to Jakson, (1976) . Organic matter content was determined using Anne method (modified Walkely's Black method) according to Mathieu and Pieltain (2003) . Chlorophyll was measured by a Minolta SPAD Chlorophyll meter (Yadova 1986) . Mechanical analysis was determined according to Piper, (1950) 
Statistical analysis:
All data were statistically analyzed according to the technique of analysis variance (ANOVA) and the least significant difference (L.S.D) method was used to compare the deference between the means of treatment values to the methods described by Gomez and Gomez (1984) . All statistical analyses were performed using analysis of variance technique by means of CoSTATE Computer Software.
RESULTS AND DISCUSSION
Vegetative growth and yield of wheat plant:
Significant effect resulted from different inorganic N sources and micronutrients (Zn and/or B) either individual or in combination effects on vegetative growth (plant height and tillering height) and yield (weight of 100 grain and grain yield) of wheat plant during 2013/2014 and 2014/2015 seasons ( Table 2) . Micronutrient (Zn, B and Zn + B) as foliar application of wheat plant under different inorganic nitrogen fertilizer sources (urea, ammonium nitrate, ammonium sulfate and calcium nitrate) revealed that there is a high significant increases in all vegetative growth and grain yield of wheat plant in both seasons.
Concerning the mean values of vegetative growth parameters and yield, it was noticed that urea treatment gave the highest values of plant height (105.21 and 105.01 cm), while ammonium sulfate (AS) achieved the highest values of tillering height (9.84 and 11.57 cm), weight of 100 grains (7.32 and 7.75 g), and grain yield (16.73 and 19.08 ardab fed -1 ), respectively in both seasons. These increases may be taken place due to the efficient utilization of nutrients in the soil which restricted the production number of vegetative growth of wheat (Saeed et al. 2012 and Nadim et al. 2013 ). On the other hand, the lowest mean values for yield and its components were recorded as follows: for plant height with AN (93.85and 94.42 cm), tillering height with CN (9.41 and 10.96 cm), weight of 100 grain with CN (7.13 and 7.56 g), and yield with U (14.96 and 17.31 ardab fed -1 ) in both seasons, respectively. Therefore, the descending order was as follows:
It is also observed that, the foliar application of Zn or B as well as combination of Zn + B were high significantly increased all vegetative growth (plant height and tillering height) and yield (weight of 100 grain and yield) of wheat plant in both seasons (Table  2) . Moreover, it is also illustrated that, by foliar application of zinc + boron, the vegetative growth and yield were recorded the superiority values of plant height (91.46 and 91.26 cm), tillering height (9.43 and 11.01 cm), weight of 100 grain (7.35 and 7.78 g), and grain yield (16.04 and 18.39 ardab fed -1 ), respectively in both seasons. While, the lowest values observed with B foliar application where, plant height (88.13 and 87.93 cm), tillering height (9.06 and 10.46 cm), weight of 100 grain (6.94 and 7.36 g), and grain yield (14.20 and 16.55 ardab fed -1 ), respectively in both seasons as well as the descending order was Zn + B > Zn > B. It is also noticed that, foliar application of Zn + B in addition to urea recorded the uppermost plant height, while foliar application of Zn + B in addition to ammonium sulfate also recorded the uppermost of tillering height, weight of 100 grain, and highest value of grain yield ( Table 2) .
Concerning the role of Zn in improving grain of wheat, it is reported that, the soil addition or foliar Zn application recorded significant increases in plant growth and grain yield in various locations in Central Anatolia (Cakmak et al. 1996) . Whereas, under Zndeficient in soils, plants show a high susceptibility to environmental stress factors such as drought stress and pathogenic infections as well as develop severe symptoms such leaf necrosis and stunting growth. Consequently, Zn deficiency results in significant decreases in plant performance to grow and yield better, as shown in various countries such as India, Pakistan, Australia and China (Alloway 2007) . In India, Znenriched urea fertilizers are becoming an important source for Zn application to wheat and rice. Applying Zn-coated urea fertilizers (up to 3 % Zn) increased both grain yield and grain Zn concentration in rice (Shivay et al. 2008) . Furthermore, it is advocated that foliar application of nutrient solution at tillering, jointing and boot stages along with half of the recommended dose of N and P can be performed to increase yield and yield components of wheat (Arif et al. 2006) . The results of this study are in harmony with results obtained by Khan et al. (2009) . They found an increase of 31.6% in wheat grain yield over control by the addition of 5 kg Zn ha -1 . Similarly, the yield parameters like number of spike per plant, spike length, plant height, biological yield and 1000-grain weight were increased over control.
Regarding to inorganic nitrogen fertilizer sources, several studies involved which nitrogen source is suitable for wheat plant production. For example, it is reported that, ammonium sulfate as a nitrogen source was more efficient with an average yield compared to urea (Boukef et al. 2013) . The foliar application with some micronutrients like Zn and B can increase the production of wheat in presence of some inorganic nitrogen fertilizer sources (Table 2) . Furthermore, it is indicated that, foliar application of boron gave significantly higher wheat seedling length, root length, shoot fresh weight, root fresh and dry weight compared to the control (Rawashdeh and Sala 2013a, b) ; due to the importance of boron, it is required for plant growth and yield (Soomro et al. 2011) . These results are in agreement with results from Rawashdeh and Sala (2014) It is well documented that, N fertilization increased wheat biomass (Golik et al. 2005) , yield (Fallahi et al. 2008 ) and protein content (Saint Pierre et al. 2008) . In fact, nitrogen is a constitutive component of chlorophyll and proteins affecting thus photosynthesis process (Tranavičienė et al. 2007 ). In fact, plants are capable of assimilating nitrate (NO 3 -) and ammonium (NH 4 + ) into amino acid (Xu et al. 2011) . Besides, plants could capture urea throw passive and/or active pathways (Kojima et al. 2007 ). In addition, concomitant sulfate (S) and N application enhanced durum wheat grain parameters (Lerner et al. 2006) .
The total N, P and K content in grain and straw of wheat plant at booting stage have been determined (Table 3) Table 3 . It is illustrate that, there is a high significant increases in total N, P, and K% of wheat grain and straw in 1 st and 2 nd seasons under foliar and soil application of different sources of inorganic nitrogen fertilizers and micronutrients including Zn and B, respectively. The mean values of N, P, and K (%) of wheat grain and straw which resulted from different inorganic N fertilizers sources were listed in Table 3 . It could be noticed, that ammonium sulfate treatment gave the highest values except N (%) of wheat straw, which noticed that urea followed ammonium sulfate in both seasons.
The descending order was as follows: N in grain:
(
AS) > (U) > (AN) > (CN) N in straw:
U) > (CN)1 st > (AS) > (AN) P in grain:
AS) > (U) > (CN) > (AN) P in straw:
AS) > (U) > (AN) > (CN)
K in grain: (AS) > (U) > (AN) > (CN) K in straw:
(AS) > (AN) > (U) > (CN) It is also observed that, foliar application of Zn and/or B as individual effect caused high significant increases for total N, P, and K (%) of wheat grain and straw in both seasons compared with the control (Table  3) . It is also illustrated that, the combine foliar addition of zinc + boron gave the highest mean values of total N, P, and K (%) of wheat grain and straw in both seasons. Whereas, the individual Zn foliar application recorded the lowest mean values of N and K as percent (in both grain and straw) recorded with individual B foliar application. It is recorded that, the mean values of N, P, and K content were higher in case of foliar B application than Zn foliar application, in both seasons. The descending order were (Zn + B) > (Zn) > (B) in case of N and K content (%), while in case of P content (%) was followed by (Zn + B) > (B) > (Zn), either grain or straw of wheat, in both seasons. It could be also noticed that, foliar application of Zn + B along with ammonium sulfate involved the uppermost total N, P, and K content (%) of wheat grain and straw. 
(%) K (%) N (%) P (%) K (%) Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw
Individual effect of inorganic N sources (0) It is well known that, the main function of boron in plants can be included cell wall formation, nucleic acid, nitrogen fixation, sugar transportation, phenol, membrane stability carbohydrate and indole acetic acid (IAA) metabolism as well as flower retention and pollen formation and germination also are affected by boron (Rawashdeh and Sala 2013a, b) . Therefore, boron deficiency affects the reproductive more than biomass yield. Seed and grain production are reduced with low boron supply still in the absence of any observable indication of deficiency symptoms and so the requirement of boron for reproductive increase appears to be more for reproductive development than for vegetative growth (Pandey and Gupta 2013) .
Total Zn and B content in grain and straw of wheat plant:
Concerning the importance of Zn in improving wheat production, it could be concluded that, Zn is an essential micronutrient for biological systems. Moreover, one of the critical physiological roles of Zn in biological systems is its role in protein synthesis and metabolism. Almost 40% of the Zn-binding proteins are transcription factors needed for gene regulation and the 60% enzymes and proteins involved in ion transport (Andreini et al. 2006) . Zinc is also a critical micronutrient required for structural and functional integrity of biological membranes and for detoxification of highly aggressive free radicals (Cakmak 2000) .
The total zinc and boron content can be illustrated in grain and straw of wheat plant at booting stage during 2013/2014 and 2014/2015 seasons (Table  4) . It is illustrated that, the soil application of different inorganic N sources and foliar addition of micronutrients (Zn and/or B) have high significant increases on Zn and B content in grain and straw of wheat. The mean values of Zn and B content of wheat grain and straw is related to both different inorganic N fertilizers sources and added micronutrient (Zn and B). It is noticed that, ammonium sulfate treatment gave the highest mean values except Zn content of wheat straw, which observed with urea followed ammonium sulfate in both seasons (Table 4 ). The descending order was as follows: Zn in grain:
It is also observed that, foliar application Zn and/or B as individual effect (without soil application of inorganic N sources) caused high significant increases for both Zn and B contents of wheat grain and straw in both seasons compared with the control (Table 4) . It is also illustrated that, foliar application of Zn recorded the highest mean values of Zn contents in both grain and straw of wheat plants, followed by combined treatment of Zn + B as foliar addition. While, the combined treatment of Zn + B as foliar addition gave the highest mean values of Zn content in both of grain or straw of wheat plants in both seasons followed by individual B foliar application. The descending order were (Zn) > (Zn + B) > (B) with Zn content, while with B content were (Zn + B) > (B) > (Zn), either grain or straw of wheat, in both seasons. It could be noticed that, foliar application of Zn + B in addition to ammonium sulfate resulted the superiority of values of Zn content in grain and straw, whereas, B content in straw wheat have the highest values with foliar application of (Zn + B) in addition to urea. Quality parameters in grain and straw of wheat plant:
It is illustrated in Table 5 that, the soil application of different inorganic N sources and foliar addition of micronutrients (Zn and/or B) have effects on quality parameters (chlorophyll a, b at booting stage and protein content in grain and straw of wheat plant at harvest stage) during 2013/2014 and 2014/2015 seasons. Treatments of micronutrient (Zn and/or B) as foliar application of wheat plant under different sources of inorganic nitrogen fertilizers as soil application have been illustrated that, there is a high significant increases in quality parameters of wheat in both seasons. These quality parameters include chlorophyll a and b as well as protein content of wheat grain and straw which tabulated in Table 5 . It could be noticed that, ammonium sulfate treatment recorded the highest mean values of chlorophyll a, and protein content in grain followed by urea while, urea gave the highest mean values of chlorophyll b and protein content in straw flowed by ammonium sulfate in both seasons. The descending order was as follows: Chlorophyll a: Table 5 . It is also illustrated that, the combine application of zinc + boron as foliar addition gave the highest values of chlorophyll a and b as well as protein content of wheat grain and straw in 1 st and 2 nd seasons followed by individual Zn foliar application. Whereas, the lowest values of quality parameters recorded in case of the individual B foliar application. Generally, quality parameters have higher values with application Zn foliar application comparing with B foliar application in both seasons. The descending order were (Zn + B) > (Zn)> (B) for quality parameters in both seasons. Furthermore, it could be noticed that, foliar application of (Zn + B) in addition to ammonium sulfate or urea resulted the highest values of quality parameters, while the trend is not clear between (AS) or (U) application. These results are in harmony with results obtained by Rawashdeh and Sala (2013a, b) . They have been indicated that foliar fertilizer application of boron gave significant higher wheat chlorophyll leaf contents compared to the control.
CONCLUSION
It can be concluded that, Zn and/or B as foliar application under different sources of inorganic nitrogen fertilizers including U, AN, AS and CN caused highly significant increases in all studied parameters of wheat grain and straw. Most of these parameters gave the highest values treated with ammonium sulfate as a soil application followed by urea. Foliar application of Zn and/or B as individual effect caused high significant increases for all studied parameters of wheat grain and straw in compared with the control (untreated). Combine application of zinc + boron as foliar addition gave the highest values for all studied parameters of wheat grain and straw followed by individual Zn foliar application. Foliar application of both Zn + B in addition to ammonium sulfate or urea recorded the uppermost all studied parameters of wheat grain and straw. It could be recommended that, foliar application of Zn + B in addition to ammonium sulfate followed by urea as soil application at recommended dose of wheat gained the uppermost of vegetative growth, grain yield, total N, P and K content in grain and straw, total Zn and B content in grain and straw, quality parameters in grain and straw of wheat plant under alluvial soil conditions.
